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PROSPECTS FOR HYDROGEN FUELED VEHICLES 

Roger J. Schoeppel 
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Modern civilization i s  generally said to  be  a consequence of the industrial  
revolution; a striking outward manifestation of which i s  the automotive vehicle. 
Whereas the  transit ion f r o m  animal  t o  mechanical means  of propulsion was accom-  
panied by a n  increased mobility, this t rans i t ion  has  not occur red  without some 
accompanying undesirable s ide  effects. One of these ,  environmental pollution, i s  
now globally recognized and presents  a r ea l  challenge for  i t s  solution. 
impending energy c r i s i s ,  i s  due t o  the insatiable appetite for energy brought about 
by an expanding population and a r i s ing  affluence. 
pollution is largely attr ibuted to  a n  apathy for  the consequences of l a rge - sca l e  con- 
sumption of cer ta in  f o r m s  of energy. 

Another, an 

The two a r e  cor re la t ive  since 

Some recent developments in internal combustion engine technology may  have 
provided not only a viable solution to  the environmental-energy d i lemma but a l so  a 
convenient mechanism fo r  t ransforming  to a l e s s  polluting society. 
involves a novel method of designing internal combustion engines so  they can smoothly 
and efficiently opera te  on hydrogen. The purpose of th i s  paper i s  to  review the oppor- , 
tunity offered b y  this capabili ty and t o  forecas t  i t s  probably future influence. The 
discussion will p r imar i ly  be concerned with the use  of hydrogen in ground vehicles 
although it i s  obvious hydrogen can  be  substituted for any other fuel now in  use. 

The development 

I 
P r i o r  Work 

I 
E a r l y  attempts t o  use hydrogen a s  a fuel in internal combustion engines were 

reported by Cecil i n  18201 and by Barsanta and Matteucci in 1854. 
f i r s t  significant contribution to  the  field waited until 1933 when E r r e n  designed and 
built s eve ra l  engines which could operate on e i ther  hydrogen, conventional fuel, o r  
their mixture.  1* His m a j o r  problem and one that h e  was unable to  overcome was 
detonation of the hydrogen-air  mix ture  upon ignition. 

However, the 

1 

I 

, 
After World War  11, King and assoc ia tes  at the University of Toronto performed 

a n  extensive study using hydrogen a s  an engine fuel. * They found, a s  did Er ren ,  that 
detonation was a formidable problem which could only be overcome by painstaking 
cleaning of the combustion chamber  at l ea s t  every  12 hours of operation. Apparently, 
t hese  discouraging resu l t s  had reduced in t e re s t  in developing a carbure ted  a i r -  
breathing hydrogen fueled reciprocating engine. 

An effort was initiated at Oklahoma State University in 1968 to t r y  to  design I 

I, ' 

around the problems of pre-ignition and detonation which had troubled ea r l i e r  workers? 
The design approach se lec ted  was  d i rec t  cylinder injection of gaseous hydrogen in a 
manner  s imi la r  to  fuel injection in  a d iese l  engine. This effort has resulted in the 
sa t i s fac tory  conversion t o  hydrogen of four different engines originally designed to  
run  on gasoline. 
emiss ions  tes t s  with one  of t hem has yielded the following i n f ~ r m a t i o n : ~ - l O  

Exper ience  with these  engines including extensive performance and 
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1 
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1. With re ference  to a gasoline engine converted to run on hydrogen, i t  i s  
possible to "drive" a hydrogen engine to  a higher horsepower output thar. 
was possible with gasoline fuel before  its conversion.  

2. The only undesirable  emiss ions  of significant concentration from a hydro- 
gen engine a r e  oxides of nitrogen (NOX). 
operating conditions but averaged about 2 .0  g r a m s  NOX p e r  brake  h o r s e -  
power-hour. 
f r o m  i t s  gasoline counterpar t .  

These  w e r e  fo.und to  v a r y  with 

This  rate of NOX production is about t e n  t i m e s  l e s s  than 

3. The hydrogen engine can  opera te  smoothly with compress ion ,  glow o r  spar!. 
,gnition. 
,n inimum idle  speed possible with gasOline fuel. 

With s p a r k  ignition, i t  c a n  be idled down t o  about one-half the 

4. The hydrogen engine i s  e a s y  to s t a r t ,  responds rapidly to different r a t e s  
of fuel  injection, and runs cooler  under low t o  in te rmedia te  loads than i t s  
gasoline equivalent. 

From. the  foregoing, it i s  concluded that  an automobile proper ly  designed to riin 
on hydrogen should be able  t o  m e e t  the 1975/76 federa l  emiss ion  s tandards.  

Bas is  for F o r e c a s t  

This  section at tempts  t o  a s s e s s  some  techno-economic f a c t o r s  and political ci I:.. 
cumstances  which m a y  influence the  future  pa t te rn  of automotive vehicle development. 
Also included in  the a s s e s s m e n t  a re  environmental  and energy  r e s o u r c e  management 
considerations.  
pa r t i a l  response  to  the  challenge presented  by  the 1969 U. S .  Senate report:" The 
Search fo r  a Low Emiss ion  Vehicle. 

This  i s  the  bas i s  f o r  the technological forecas t  which i s  made  i n  

Environmental Constraints  

The re  a re  many instances of pollution assoc ia ted  with no rma l  and accidental  
activit ies of dril l ing,  producing, t ransport ing,  refining, distributing, and consuming 
conventional hydrocarbon fuels.  
mental  decay. 
cos ts  on to  the consumer .  
e lectrolysis  of water.  
would appear  to  cause  less pollution overal l .  
native a re  the  motor  vehicle emiss ions  s tandards  prescr ibed  by the Clean  A i r  Act as  
amended. These  requi re  that automobiles achieve a 9 0  percent  reduction f r o m  1970 
emiss ions  levels  of carbon monoxide and hydrocarbons by the  1975 model  y e a r  and a 
90 percent  reduction f r o m  1971 emiss ions  of ni t rogen oxides f o r  the  1976 model  year .  
P re sc r ibed  s tandards f o r  new light-duty motor  vehicles  f o r  1973 and success ive  y e a r s  
a r e  as  follows:12 

Collectively these  contribute cons iderably  to environ- 
Industry c a n  and will  c lean  i tself  up but m u s t  be  permi t ted  t o  pass  such 

An a l te rna te  approach i s  to use hydrogen fuel produced by 

Of immedia te  significance to this  a l t e r -  
Although such a solution would requi re  a long- te rm effort, it 
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Model Year 

Federa l  Standards fo r  Composite Emissions f r o m  Light-Duty 
Vehicles on a Driving Cycle,  g r a m s / m i l e  

Hydrocarbons 

1973 3 . 4  (3. O)?. 
* 

1974 3.4 (3. 0) 

1975 0. 41 

Carbon monoxide Oxides of Nitrogen 

39. 0 (28. O)-' .  

39. 0 (28. O)-'. 

3.0 ( 3 . J  

3 .0  (3.1)- 

3.4 3 .0  

1976 and la ter  0.41 3 .4  0 . 4  

sNumbers  in parenthesis  represent  s tandards being considered 
f o r  adoption 

It i s  significant to note that by 1976, any vehicle covered by these  specifications 
will be permitted to  emi t  0 .41 grams of hydrocarbons,  3 .4  g r a m s  of carbon monoxide, 
and 0.4 g r a m s  of nitrogen oxides p e r  mi le  of a typical 7. 5 mi le  driving cycle. 
whether one additional person  i s  c a r r i e d  in  a 2-passenger  vehicle, o r  many in a 9- 
passenger  one, each vehicle will only be permit ted to  emi t  so much pollution to  the 
atmosphere.  Also, s ince l a r g e  engines emi t  m o r e  pollutants than do s m a l l e r  ones,  
and unless  some other  provis ions a r e  made,  the enforcement of these  regulations will 
cause  the d iwppearance  of vehicles  with l a rge  engines. 

Thus,  

Associated automobile com- 
for t s  of space,  a i r  conditioning, power equipment, safety, accelerat ion and speed may 
a l so  have to be sacrificed. In cont ras t ,  these  changes m a y  not be n e c e s s a r y  with hydro- 

gen fuel. / 
It a l so  appears  a s  i f  the  automobile industry m a y  be unable to m e e t  the required 

1976 federa l  emissions s tandards  at a cos t  that  can reasonably be passed on to the con- 
s u m e r  unless;  

a )  the allowable pollution level  is relaxed for  one o r  m o r e  of the controlled 
emittants o r  

b) a federal  subsidy o r  equivalent i s  enacted to  support  a portion of the costs. 

In this  connection, it a p p e a r s  worth mentioning that sufficient technology now 

1 
1 

exis ts  t o  enable the design of a rel iable  engine that could meet  the 1976 emissions stan- 
dards .  The technology does not exist, however, to be able  to accomplish this  objective 
at a reasonable  cost. In 
th i s  regard  it will be interest ing to  learn  of the  recommendations to  the E P A  of the 
Motor Vehicle Emissions Commit tee  of the National Academy of Sciences who have 
recent ly  been charged with determining whether the automobile industry i s  technologi- 
cally capable of designing and mass-producirf  a re l iable  engine that can  meet  the 
f ede ra l  motor  vehicle emiss ions  s tandards.  

1 Hence, the  problem i s  purely one of relative economics.  

Energy Management 
I 

The di lemma between environmental  pollution and an abundance of low-cost energy 
is one that will have to  be resolved by the public--provided it i s  offered the  alternative. 
Unfortunately, however, t h i s  ant i thesis  can not be resolved until an abundance of energy, 
o r  a t  l ea s t  an  abundance i n  the  f o r m  that  is des i red ,  becomes available. 
is the key to  survival of our  society,  its adequacy m u s t  be insured before stringent 

,- 
Since energy 
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pollution regulations can be enforced. Accordingly, a permanent  solution t o  the a i r -  
Pollution-from-vehicles-problem can  only be solved f r o m  a total  energy management 
point of view. 
(TEMS) in  which hydrogen becomes  the basic  energy fuel. l4 The  s y s t e m  proposed pro-  
vides for  the optimum management of ou r  energy r e s o u r c e s  so a s  t o  place a minimum 
s t r a in  on the delicate ecological balance of the environment. This concept was expand- 
ed by proposing a Total World Energy Management Sys tem (TWEMS) with i t s  p r i m a r y  
function being to  optimize energy uti l ization worldwide while simultaneously attempt- 
ing to  minimize  pollution. l5  The  c rea t ion  of national and international "Energy  
Institutes" with s imi l a r  such objectives is cu r ren t ly  p i n g  considered at the United 
Nations sponsored Human Environment Conference. 

One such proposal  is to  c r e a t e  a Total  Energy  Management Sys tem 

1 

Substitutabilitv 

Hydrogen is substitutable with any o the r  mine ra l  fuel cu r ren t ly  available. I ts  
use has  a l ready been demonstrated in  reciprocating internal  combustion engines and 
turbines.  F o r  energy con- 
version via fuel cel ls  the technology in this  a r e a  is fu r the r  advanced fo r  hydrogen than 
any other  fuel. Its importance in air t r ave l  i s  shown by a companion paper at this  con- 
ference proposing to use liquid hydrogen in  hypersonic t r a n s  or t .  l 7  Finally,  the roles  
hydrogen could play in  substituting fo r  gasoline nationwide, If; o r  improving a n  urban 

fo r  New York City, that  a)  hydrogen produced with off-peak power could supply over 
half of t he  expected 1985 energy needs for t ransportat ion,  b) i t s  cost  could be a s  lcw 
a s  $0. 04 pe r  pound making it quite competit ive with conventional fuels ,  and c )  that  5 , 3 3 1  

Adaptation to external  combustion engines i s  even s imple r ,  

\ environment, l9  have been a s ses sed .  In the  urban  environmental  study, it was shown 

'I 
' million pounds of pollutants would be emitted f r o m  gasoline powered 1985 vehicles a s  

compared  to 216 million pounds of emissions f r o m  those s a m e  vehicles  if  they were  
fueled with hydrogen. 

Hydrogen posses ses  some  unique physical and chemical  p rope r t i e s  which offer 
an advantage over  conventional fuels and thus influences i t s  substitutability. 
place, i t s  wide flammabili ty l imi t s  make  it an ideal  mo to r  fuel. (This  was  demon- 
s t ra ted under a no-load condition with our  hydrogen engine, f o r  example,  where  it was 
ex t r eme ly  difficult to  get e i ther  too r ich o r  too l ean  of a fuel mix tu re  fo r  the engine to 
burn. 
gen fuel i f  the l a t t e r  i s  used to  promote hydrocarbon fuel oxidation in  the lean com-  
bustion region where the production of nitrogen oxides is  l e a s t  favored. ) Next, its 
ex t r eme  volatility coupled with its flammabili ty would make  fo r  much e a s i e r  s tar t ing 
in cool c l imates .  
enables it to be conveniently s tored at ambient p r e s s u r e  and t empera tu re .  Since the 
reactizm i s  revers ible ,  i t  can be  r e l eased  f r o m  th i s  inactive state m e r e l y  by the addi- 
tion of heat. 
if it were  used thusly to r e l e a s e  hydrogen. Th i s  energy could then be  regained during 
the recharging of the hydride i f  desired.  

In the f i r s t  

This feature  could be used advantageously in  the t ransi t ion f r o m  foss i l  t o  hydro- 

Thirdly,  i t s  abil i ty t o  chemiso rb  with c e r t a i n  me ta l s  to  f o r m  hydrides 

Much of the heat  re leased by internal  combustion engines could be s tored 

Other cha rac t e r i s t i c s  of hydrogen which influence i t s  substi tutabil i ty are: 
1) its light weight and high energy density which gives i t  des i r ab le  s to rage  features  of 
pa r t i cu la r  value in a i r c r a f t  and space  vehicles,  2) its high flame speed enabling the 
design against  flame-out and ha rdware  for  control of the high frequency f l ame  je ts  
used in the engine design reported herein,  3)  a low f lame incandescence which signi- 
f icantly reduces radiation (accordingly affecting the overal l  engine t empera tu re ) ,  
4) its clean burning offer ing a n  opportunity f o r  prolonged operation without oil  change 
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o r  the  design of t r u e  muff ler  sys tems r a the r  than a l so  t ransport ing the  emissions to 
a location where the i r  toxicity i s  unimportant (the number of deaths  result ing f r o m  
accidental  carbon monixide poisioning each y e a r  i s  considerable) ,  and finally 5)  its 
low activation energy which o f fe r s  an opportunity fo r  engine designs using glow 
ignition instead of cost ly  and t roublesome spark  ignition. I 

I 

1 

T h r e e  additional t ime dependent fac tors  which influence hydrogen's substituta- 
bility a r e  its short  and long- te rm availability, i t s  re la t ive safeness ,  and i t s  cost. 

hydrocarbons and being consumed in  ore-reduct ion p r o c e s s e s ,  chemical  synthesis ,  and 
space exploration. Since hydrogen i s  essent ia l  in  producing synthetic oil and gas f rom 
coal o r  o i l  shale, f i r s t  p r ior i ty  fo r  its increased  production should be allocated to  
expanding our  energy base.  F u r t h e r m o r e ,  s ince the e lec t r ica l  generating faci l i t ies  of 
the nation a r e  hard-pressed  t o  meet c u r r e n t  demand, it does not appear  that  t he re  will 
be any significant opportunity in the immediate  future  for  the  development of an excess 
hydrogen supply. 
and Singer:20 

Current ly ,  production faci l i t ies  a r e  l imited with supplies pr imar i ly  coming f r o m  1 

i 
i 

i The c i rcumstances  involved have been summar ized  by McKelvey 

"In the longer  t e r m ,  o u r  biggest problem will be energy and the only I 

hope f o r  the continuation of civilization lies i n  the  development of nuclear  1 
b r e e d e r s  and fusion to maintain an inexhaustible energy supply. Many 
economists and bureaucra ts  fail to understand that m a j o r  scientific develop- 
ments  do not come about automatically in  response to  pr ice  increases .  
Unless the n e c e s s a r y  r e s e a r c h  and development i s  done ear ly  enough we 
m a y  be i n  r ea l  t rouble .  " 

Insofar a s  safety i s concerned,  liquid hydrogen has  been compared on a relative 

1 
/ 
4' 

basis  as  being a s  safe as methane and gasoline. 21 In th i s  comparison,  the negative 
aspec ts  of hydrogen's wide f lammable l imi t s ,  low ignition energy and tendency to  
detonate in  air when confined were  thought to be balanced by i t s  posit ive fac tors  of 
low heat  radiation, lack of smoke to cause  asphyxiation, non-toxic vapors ,  unlikely 
detonation if spilled and rapid evaporation. It would appear  that hydrogen s tored in  
the solid (hydride) f o r m  at ambient  conditions, instead of a s  a liquid, should be even 
l e s s  hazardous to  work with, and correspondingly eas i e r  to  design safe  handling systems 
than f o r  gasoline. 

) 

1 
1 

The relative cost  of hydrogen v e r s u s  gasoline f avor s  hydrogen provided it i s  
made on a la rge  sca le  as is now done with gasoline. T h r e e  separa te  economic studies 
which support  this  contention a r e  contained in  re ferences  22 ,  23, and 24. The econo- 
mic  incentives for  conversion to  hydrogen can be expected to continue to improve a s  
the cos t  of gasoline i n c r e a s e s  which it must  do i f  the pr ice  f o r  c rude  oil i s  allowed to 
swing with the  supply-demand situation. An imbalance of foreign t r ade  brought about 
in  p a r t  by this nat ion 's  o i l  i m p o r t  p rogram will probably continue to build up economic 
def ic i ts  which fur ther  i n c r e a s e s  both the short  and long-term economic outlook for  
hydrogen. 

Hydrogen Vehicle F o r e c a s t  

One black sheep which could easily be the technological-environmental  scape 
goat is hydrogen. 
nant role  in a "hydrogen economy' '  e r a  sometime in  the future. 
WeinbergZ5 in 1959 proposed that nuclear energy be used a s  the fuel of the future to 

This re la t ively unappreciated element is foreseen  to play the domi- 
Toward this  aim 
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power smal l  sca le  mobile units with electrolytic hydrogen. 
LessingZ6 claimed that  hydrogen will be the m a s t e r  fuel of a new age  providing first 
an energy source  for  engine (fuel cel l )  operation and subsequently e lec t r ica l  power 
direct ly  f r o m  the  a tom via the process  of controlled fusion. 
the concept of a nuclear  reac tor  centered Agro-Industr ia l  complex, assumed hydrogen 
would play an important  role  in producing ammonia and for  reducing m e t a l  o res .  
L a t e r  Weinberg and Harnmond" presented a very  posit ive outlook f o r  the  prospec ts  of 
cheap hydrogen. 

Severa l  y e a r s  l a t e r ,  

Hammond, 27  in discussing 

Hydrogen's bid as a future  fuel is c lear ly  evident in t h e  t ranspor ta t ion  sec tor  
where the  demands fo r  mobile  power a r e  flexibility and intermit tent  use.  
futur is t ic  "electr ic  economy, I '  the energy used in  any mobile power unit m u s t  have 
previously exis ted at some previous t ime in  the f o r m  of e lectr ic i ty .  With this  in  mind, 
an  expansion of the definition of "electr ic  auto" i s  proposed to  include vehicles powered 
by bat ter ies ,  fuel ce l l s ,  and hydrogen fueled internal  combustion engines,  and turbines  
provided the fuel i s  o r  has  been in the f o r m  of e lectr ic i ty  a t  one t i m e  o r  another.  Accord-  
ing to th i s  definition, a new breed  of e lec t r ic  autos is visualized a s  including vehicles 
powered by hydrogen fueled in te rna l  combustion engines which r e q u i r e  v e r y  l i t t le  i f  
any change in  serviceabi l i ty  o r  mode of operat ion over  the i r  gasoline counterpar ts .  

In the 

During the t ransi t ion to  hydrogen many modifications of p r e s e n t  internal  com-  
bustion engines will be made so  that  both fuels  can  be burned simultaneously.  
engines will be designed and built exclusively for  hydrogen operation. The hydrogen 
fueled internal  combustion engine is expected to  power the  first e l ec t r i c  autos  which 
receive wide acceptance because of the high degree  of perfect ion of modern  engines 
and the i r  relatively low cost. 
e lec t r ic  m o t o r s  along with a power supply. 

\ ' 
' 
, 

*, o r  fuel ce l l s .  

Also 

Second and third generation e l ec t r i c  au tos  will use 
These  may be e i ther  s torage  ba t te r ies  

Comparison of fuel ce l l s  and s torage  ba t te r ies  immediately br ings  out a basic  

F o r  a given ba t te ry  s ize  only a 
A fuel ce l l  on the  o ther  hand can con- 

I difference in  the i r  nature .  
s torage  capacity by the  initial amount of reactants .  
p rede termined  amount of energy m a y  be s tored.  
ve r t  an unlimited amount of energy,  the ce l l  of c o u r s e  being subject  t o  wear  out. 
known that  the  reliability of s torage  bat ter ies  and of fuel ce l l s  i s  roughly equivalent. 

However, due 
t o  the i r  weight and charge  l imitat ions,  they will be used only in  a special ized a r e a - -  
urban (shor t - range)  transportation. This  type of vehicle is t h e r e f o r e  thought of a s  a 
second generation e lec t r ic  auto. Such a sys tem would have a self-contained recharger  
re lying only on a source  of cur ren t ,  and could provide convenient, economical shor t -  
range t ransportat ion.  

Storage ba t te r ies  a r e  s t r ic t ly  l imited in  the i r  energy 

It i s  

E lec t r ic  autos using s torage  ba t te r ies  will be used extensively.  
'\ 
' 
' 

Ultimately a hydrogen-oxygen o r  hydrogen-air  fuel ce l l  will provide the motive 
\\ power f o r  the t ransportat ion sec tor .  

Benefits in Conversion to Hydrogen Vehicles 
1 

M o r e  so than any o ther ,  th i s  nation has  fos te red  the  development of a society 
whose p e r  capita energy consumption can  only be matched by the leve l  of affluence 
offered to  i t s  citizens. Although no other  society has  known such opulence, the experi-  
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experiment  has reached such proportions of acceptance that secondary effects such 
a s  environmental  degradation a r e  now of p r i m a r y  concern.  

Rather  than accepting prescr ibed  levels  of pollution a s  a corol lary to the f r ee  
en terpr i se  system, it would appear  our nation has  a unique opportunity to  lead in  the 
molding of a society which maximizes  the rat io  of p e r  capita energy consumption to 
per  capita pollution. That  i s ,  i f  the  level of affluence of a society (or  its ability to 
use natural  resources)  can  be measured  by i t s  per  capita energy consumption, and 
i ts  r a t e  of misuse  of na tura l  resources  by i t s  p e r  capita pollution, then it would seem 
desirable  to  i t s  c i t izens t o  t r y  to  maximize the f o r m e r  while minimizing the la t te r .  
If such a direction could be accepted a s  a national goal, then it becomes c lear  in  which 
a r e a s  legislation i s  needed and what the National Energy Policy cur ren t ly  under formu- , 
lation, fo r  example,  should prescr ibe .  If this  nation does not enjoin leadership in 
preserving the environment or i f  it waits while the level  of energy consumption r i s e s  
in the r e s t  of the world,  then the  secondary effects of pollution could become the  pr i -  
m a r y  concern of a l l  humanity.  I 

It i s  believed that acceptance of the concept of hydrogen fueled vehicles i s  one step 
toward avoiding such an eventuality. 
economic growth and nat ional  prosperity.  

Once accepted, i t  could provide the stimulus for  

i 

! 

1. "The hydrogen-oxygen fuel cel l  - fuel  i s  the s a m e  and s o  
i s  i t s  source.  

"The e lec t r ic  vehicle  - in  the hydrogen engine, the  
ult imate s o u r c e  of energy i s  the s a m e  a s  fo r  charging 
bat ter ies ,  but w a t e r  is  electrolyzed instead of 
bat tery chemica ls  being regenerated.  

2. 

I 3.  "The working fluid i s  s team plus a i r  - so we would have, in 
effect, an in te rna l  combustion s team engine operating on the Otto 
cycle r a the r  than an  external  combustion Rankine engine. 

4. "In the  global perspec t ive ,  petroleum resources  would shrink in  I 
importance,  while nuclear  energy resources  would increase  propor-  
tionatelv to  m e e t  needs  of e lectr ic i ty  for  hydrogen production. 
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5. "Emissions a r e  s t eam only, plus t r a c e s  of ni t r ic  oxide formed 
perhaps during periods of peak power demand. This  s t e a m  could 
f o r m  nimbus o r  cumulus clouds, r e tu rn  as rain where  it could be 
electrolytically dissociated again. 

"Catalysts a r e  not required.  I '  6. 

The fact  that  hydrogen will promote gasoline oxidation thus enabling combustion 

I I 
1 
I .  
I without mis f i r e  up to 20:1 a i r - fue l  ra t ios  could be utilized in the long t e r m  phasing 

out of gasoline and phasing in of hydrogen. 

Conclusions 

The  conversion of vehicles f r o m  conventional fuels t o  hydrogen is f o r e c a s t  to 

The prospects  f o r  development of a total energy s y s t e m  which p ro -  I fulfill a m o r e  viable long-range solution to  the a i r  pollution problem than any hereto-  
fo re  proposed. 
duces hydrogen f r o m  a n  abundant natural  r e source ,  water ,  and replenishes  this  
supply upon combustion in an engine whose emissions a r e  a lmost  pollution-free,  
appears  to be a worthwhile effort  to pursue.  ' 
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